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ABSTRACT

TEAK was a Department of Defense Vertical Line of Sight

. ¢ - .

MINUTE §

BN it was detonated on 12 September 1868 in drill hole U11f at the Nevada
Test Site. The MINUTE STEAK program was designed to evaluate the regponse
of military systems, subsystems, and components to
Some of the systems which were involved were Poseidon,

Min an, Mk 5, and Spartan,
he test was successful with most of the objectives being attained. The

system experiments demonstrated survival at the threat levels and in some cases
uncovered problems at higher than threat levels. The success of the transistor
hardening program was demonstrated, and a greater understanding of magnetic
effects and internal electromagne.ic pulse (IEMP) was obtajned. The fluence and

spectrum were nominal,
Caution should be observed in extracting information from this document,

since certain paragraphs, figures and tables that are individually unclassified
may become classified if consolidated or associated with events in this report.
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PREFACE

“Ms MINUTE STEAK Summary Report was prepared in accordance with
DASA Circular 3000. 2A, dated 19 February 1970. As such, it summarizes all
MINUTE STEAK activities through its publication date. This document is com-
plete in itself and replaces the MINUTE STEAK Interim Summary Report dated
January 1070 which may be destroyed.

Ohe information in this report is based upon documented activities,
personal notes of the authors, data presented by experimenters at a posttest
meeting and experimenter-submitted project officer's reports, and personal
contact with experimenters. The conclusions drawn in this report are those of
the authors and have not necessarily been coordinated with nor approved by the
experimenters or their organizations.

@PSche successiul fielding of MINUTE STEAK was directly due to Col.
John A. B. Bower, CDR Melvin L. Scott, Lt. Col. Ellen M. Hippeli, LCDR
William Shoenholzer, Capt. Thomas Genoni, LTJG Thomas Madison, and ENS
Joseph Lambert of DASA, Test Command. They overcame proficiently all the
problems that are inherent in a test of this nature.
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CHAPTER }
INTRODUCTION

INUTE STEAK was the sixth underground nuclear test in the MILD
WIND Series. It was detonated in drill hsle Ul1f gt the Atomic Energy Commis-
sion's (AEC's) Nevada Test Site at approximately 1100 hours on 12 September

1969.
' B The MILD WIND Series of tests 15 duignem
o S e BERRSENY (s sponsored by the Department of
Defense (DOD) Previous chots in thls series were WISH BONE, 18 February
1965, DILUTED WATERS, 16 June 1965, PIN STRIPE, 25 April 1965 NEW

POINT. 13 December 1966. and MILK SHAKE, 25 March 1968

_ BJECTIVES The MINUTE STEAK program was designed to
evaluate the response of mﬂitary systems, su.systems, and component.'

A . SRR g he overall objective was to pro-
\e data wh xch would further estabnsh the vaudity of laboratory simulation and

theoretical analysis of the response of a variety of test items. The specific
objectives were:

(1) Confirm levels of hardnese of mintary subtystems. componmts. and
materials [ ’ A

(2) Con{irm theoretical and laboratory hardeni.ng techniquas used to design
systems and components.

(3) Study the interaction o— with basic materials and

components.

(4) Measure the radiation environment parameters to aid in correlating tac-
tical and laboratory environments with the MINUTE STEAK environment.
1. PARTICIPATION.

The test was conducted by the Defense Atomic Support Agency (DASA) with
seven service laboratories, 12 civilian organizations, and two AEC laboratories
participating. There were 19 projects consisting of 41 esperiments, many
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CHAPTER 2
TEST CONFIGURATION

f In this test an avacuated Vertical Line ol Bight (VLOS) pipe was used
as a path for the radiation from the device, emplaced underground, to the experi-
ments located above ground. A string of closure devices was used to prevent
radioactive gas and dcbru !rom ruchinc tho utmosphou. thortby coxnplying with
the test ban troaty ‘ : : R : :

c u of bur equal to the vcn co th sourcs to the
surface divided by the yield to the 1/3 power.




2.3 8 TRAILER PARK. Recording instrumentation was boused in trailers
located' 500 feet sout!. of ground zero. Figure 2.4 is a trailer park plan, and
figure 2. 5 is an serial photograph of the trailer park. Signal cables and control
cables were laid ir. troughs between the mobile tower and the trailers. Power to
the trailers was furnished by motor generators, usually two to a trailer, one
being used for instrumentation power and the other for utility power. This
insured that the experiments were completely isclated from each other. All
circuit breakers external to tho trailers were pinned so that ground shock would
not cause a loss of power. Fuzes were used, however, to prevent loss of power
to the entire trailer park in case of a malfunction in one expsriment.
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There were nine designated stations in the exposure room, and the fluence
at sach station is listed in table 2.2. Figure 2.7 shows the isofluence lines in
relation to the scatterer. Figure 2. 8 illustrates the manner in which the experi-
ments were placed on an isofluence line at a particular station.
.2.4.2 S Scatterer.

Figure 2.9 shows the dimensions of the scatterer, and figure 2. 10 is a repro-

duction of the manufacturer's chemical analysis.
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TABLE 2.3 ‘ --Area used at each station

Station Area
T T

1 7.8

3 18.0
4a 37.4

4b 18.0
4c . 17. 4

Sa 8.5

&b 21.%

L] 6.9

7 3.0

138.2
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CHAPTER 3
TEST PROGRAM

There were 18 projects on MINUTE STEAK, encompassing 41 experi-
ments. Table 3.1 lists the experiments by project number and their general
objective as related to the four test objectives given in section 1.1. Four of the
experiments were major experimernts ir, terms of space and cost. These were
©2.01, 2.02, 2.08, and 2.09. Table 3.2 lists the percent of the total exposure
area used by each project.




TABLE 8.1 .‘;. -~-MINUTE STEAK experiments [§

Project Objective Type _Agency
2.0la System Circuits and Components 8SPO/MIT (IL)
2.01b System Semiconductor SSPO/1LMSC
2.02a System Semiconducter SAMSO/GGA
2.02b System Circuits SAMSO/AUTO
2.02c System Materials and Components SAMSOQ/AUTO
2.03 System PBPS Engine SAMSO/AFRPL
2.04a Hardening Semiconductor DASA/AFWL
2.04b Hardening Semiconductor DASA/AFCRL
2. 04c Hardening Semiconductor SAMSO/AUTO
2.05 Interaction Magnetic Materials DASA/NOL
2.06 Diagnostic Ferroelectric Measurement DASA/NEL

(Developmental)
2.07a Interaction Internal EMP DASA/HDL
~2.07b System Internal EMP DASA/HDL
2.08a Hardening Semiconductor DASA/HDL
2,08b System Semiconductor DASA/HDL
2. 09a Hardening Semiconductor DASA/GGA
2.08b Interaction Magnetic Materials DASA/GGA
2.08¢c Hardening Semiconductor DASA/GGA
2.09d Hardening Semiconducter DASA/GGA
2.10 System Circuits SAMSO/MIT (LL)
2.11 Hardening Circuits DASA/SPERRY
2.12 Interaction Materials DASA/AFRPL
2.1% Diagnostic Bent Crystal, Passive DASA/NRL
Determinations
2.14 Dizgnostic Passive Neutron and Gamma DASA/NEL
Measurements
2.15 Diagnostic Thermolumineccent Detector DASA/NRDL*

*Now at NOL.
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. ==(Continueaq)

Project Objective Type

2.16 Diagnostic Passive Determinations in
Scattered and Direct Beams

2.20a Diagnostic Direct Beam Measurements

2.20b Diagnostic Scattered Environment
Measurements

2. 20c Diagnostic Readiness Program

2. 204 Interaction Internal EMP

2. 20e Interaction EMP

2.40a System Semiconductor

2.40b Hardening Component

2.40c Diagnostic Readiness Program

2.40d Interaction Internal EMP

2.40e Hardening Component

2.40f Interaction Conponent

2.40g interaction EMP

9.11a Diagnostic 1OS Pipe

8.11b Diagnostic TV Cb\'erage

9.11c Diagnostic Air Shecck

Agency
DASA/MRC

DASA/LRL
DASA/LRL

LRL

LRL

LRL
SANDIA
SANDIA
SANDIA
SANDIA
SANDIA
SANDIA
SANDIA
DASA/EG&G
DASA/EG&G
DASA/EG&G




TABLE 3.2 --Percent of exposure area used by each project '

Project Area (percent)
2.01 14. 16
2,02 22.49
2.03 0. 34
2.04 3.09
2.05 2.16
2.06 0.40
2.07 7.08
2.08 18.71
2.09 17.98
2.10 3.02
2.11 0. 27
2.12 0. 96
2.13 0.01
2,15 0.11
2.1€ 0.27
2.20 2.48
2.40 5. 44
9.11 __0.03

100. 00
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3.2 (
consisted mostly of semiconductor tests. i

A T
d

of data were then compared to show fallures cau

by radiation effects as op-
posed to handling and shock damage. The magnitude of the effort can be appre-
ciated when it is considered that close to $00, 000 continuity paths were monitored
and recorded within 50 millissconds after ‘I‘o.

3.3 GVl INTERACTION EXPERIMENTS.

-

88
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measurements made on thiz type material. The external EMP measurements
were made outside the mobile tower.

,» and mnnitoring functions were

- aw ' » . .

TIMING AND FIRING. Timing, firing

3.5 &

provided remotely on hard wire pairs from the command post several miles away
to a timing trailer in the trailer park. These timing signils were iannad out from
the timing trailer to the instrumentatiou trailers, the mobile tower, and the

o’ - . X R 3 ¢
ot ey i e
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device. These signals were used to turn on equipment, open camera shuiters,
start tape recorders, and various other experimental and device functions. Table
3. 3 lists the EGLG timing signals used in MINUTE STEAK.

3.6 ﬂ MONITOR AND HOLD SYSTEM.

All the active experiments were monitored at the Control Point for cata-
strophic failure prior to the shot. Generally, sach experiment had a power moni-
tor light and a trailer tempersture monitor light. These were actively monitored
from the time the experimenters left the park until event time. Also, monitor
lights were used for the closure system, pipe vacuum, tower winck power, and
critical device functions. If an experiment indicated a failure prior to shot time,
& hold could be initiated, the problem resolved, and the countdown then continued.
All experiments could survive a holddown to -5 seconds. If 2 hold came aiter -5
seconds, some small percentage of data might bave been lost. The hold was
accomplished by activating a relay with which the experimenters could shut down
tape recorders and turn off equipment. Holds were practiced during the dry runs.

An indication from the monitor system that an experiment had lost power did
not automatically result in a reentry. In a test of this nature, where large num-
bers of instruments are used in the field, delays can easily result in the loss of
additional equipment. Therefore, the loss of one experiment must be weighed
against the possible loss of more experiments and postponement of the teat. Also,
during the countdown, a point of nc return is reached, after which the device
must be fired within 2 given time or the yield may degrade. Therefore, it is
mandatory that the percent degradation of the total effort be known when any one
experiment indicates improper operation. Table 3.4 lists the weights of each
project and shows the percent active and passive. The percent of the active
dita recorded on film is also importznt in the event of excesgive radioactive
release. The weighing of the experiments is arbitrary and takes into considera-
tion their relevance, cost, and difficulty in being repeated.

Another contingency pianned for was an acceierated countdown. ™ the event
of an accelerated countdown, as much real time as possible would be given, up
to 15 seconds. This was to allow tape recorders to get up to speed, camera
shutters to open, and equipment to warm up. All experiments could survive an
accelerated countdown to -15 seconds. Data return would degrade increasingly
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TABLE 8.% ' «~Timing signals ueed in MINUTE STEAK '

=15 numiies ~30 meconds ~100 milliseconds
=10 minutes -15 seconds - 40 milliceconds
- 5 minutes =10 seconds

- 4 minutes « 5 seconds

= 3 minutes -3 nco.:ndn

- 2 minutes « 2 seconds

- 1 minute - 1 second
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TABLE 3.4 l--wugm of each project in relation to the total effort ‘

% Active of all
Project Weight % Active Experiments

2.0la 0.06 95 5.7
2.01b 0.06 20 1.2
2.02a 0.06 59 3.0
2.02b 0.14 85 18.3
2.02c 0.02 50 1.0
2.03 0.02 100 2.0
2.05 0.05 30 1.5
2.06 0.02 100 2.0
2.07 0.05 100 5.0
2.06'2.04 0.13 50 6.5
2.02 0.11 60 6.6
2. 10 0.03 50 1.5
2.11 0.02 95 1.6
2.12 0.01 0 0
2.13 0.02 50 1.0
2.14 0.01 0 0
2.15 0.01 0 0
2.16 0.03 0 0
2.20a &b 0.05 50 2.5
2.20 0.04 100 2.0
2.40 0.06 50 3.0

1.00 89.7

% Film *

°© o
o o O

-
o
™

*Percent of all active data.




. *

as the real time was decreased below 13 seconds. An accelerated countdown to
0 time was impossible because of device considerations, which meant that in no
case would all the active data be lost.
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CHAPTER 4

RESULTS i

! The MINUTE STEAK Event took place on 12 September 1969 at 1100

h The countdown went smeothly until -59. 8 seconds, at which time there
was a hold. This was prompted when the LLL (formerly LRL) microwave van
monitor light went out indicating the microwave link carrying diagnostics had
failed. A hold at this time did not cause concern since holds after -1 minute had
been successfully practiced during dry runs. After approximately 1 minute, the
light unexplainably came back on, and the countdown was resumed. All monitor
lights were on at 'ro except two LLL tape recorder monitor lights. This indicated
that two of the LLL six-tape recorders were not up to proper speed. The redun-
dancy of the LLL system, however, precluded the loss of any data. At +10 gec-
onds, the mobile tower pull winches were started, and at +2 minutes and 39 sec-
onds the tower was at the prescribed 300~-foot mark, well outside of the predicted
crater radius.

All closure system monitors indicated proper operation, and contain-
ment was good until ground collapse at +23 minutes. At this time there was some
leakage which continuod oif o.nd on untu D +1 day but did not axtoct any of the
experiments. ' Lo : '

was taken by highspee camers (2 000 Iumu/sec) located about 800 feet
south of ground gero. This picture shows alr ionization ..t 'ro and was obtained
by chance since the ratin of open shutter time to closed shutter time is very

small. Reentry was started on schedule at H + 1 hour and proceeded smoothly.

*Calciumesulphate in & water-base rolution.
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‘The caldera 245 feet in diameter and 17 feet deep formed at +23 minutes
(figure 4.2). There was congistent nonuniformity in the crush of the trailer sup-
ports which indicated a transverse ground shock wave (note figure 4.3). The
ground shock caused loss of power in three experiments at about +1 second, but
very little data were lost. The projects that lost power were: 2,03, the control
panel inside the trailer came off the wall; 2. 10, the conduits inside the trailer
were torn loose and a power relay opened; 9. 11a and c, the voltage reguiator
came off its supports on the generaior. One of the two backup generators for the
mobile tower winches was found to be off after the test, but the reason why it was

off is unknovwn.
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"TABLE 4.2 . --Fluence ratios at various a.nglesl

(Measured)
Angle Fluence ecte
+14° 0.92
+14° 0.92
o° 0.95
0° 0.95
-25° 1.00
-31° 1.10
.55° 1.23




The picture taken with the pinhole camera is shown in figure 4.9. The cam-

era was on the floor looldng up at the scatterer.
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package designed for the readiness pr

The high-altitude package con<isted of four types of detectors:

(1) jonization chambers,

(2) thermopilzs,

(3) fluor-photodiodes, and

(4) resistive thermometer calorimeters.

Also in the package was a simulated front end of a 13«inch rocket payload approxi-
mately 100 inches long and weighing 27 pounds, containing electrenics, a tape
recorder, telemetry transmitters, and power supplies. Three different systems
redundantly handled some of the dctector outputs of the simulated paylocd. The
data were telemetered to a manned receiving station, digitized and stored in a
rermarnent diode-matrix memory, and digitized and stored on magnetic tape.

The repetitively sampled digital system worked well. The diode-matrix
memory was prematurely activated and did not record any data. Also, the umbi-
lical reparation mechanism and the control cables remained connected, which
acted as a~ antenna. The telemetry system worked, and the paylozd electronics
recoversd i» & few hurdred microsecor.ds. Data were not obtained from the ioni-
zation chamber by fluor-photodindes becanse of saturated gignals. The thermo-
piles and calorimeters operated as expected, and the agreement on the mezsured
flux was within calibration accuracy. The objectives were about 50 percent
accomplished.

4.1.9 w Project 2,40c, Readineis Program Debris Aualyzer. The objec-
L4 'as to determine the magnitude and duration om
¥in & nuclear readiness program dJdebris analyzer.

The arrival time of the debris measured in high-altitude nuclear tests is
about 100 mseec. Because of the high electrostatic field (about 6 kV/cm) between
the analyzer plates, a long-duration, plasma-like discharge caused by radiation
could cause a voliage breakdown “vhich would affect the measurements. The test

_.‘Mon; however, it is a lon! iikage. and the

item was placed at th
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FACE b een the piates was less than predicted, probably abow
It was shown that for this fluence and debris-analyzer configuration the electric

field djd not cause breakdown; thus, in an actual high-altitude test, when the

debris arrived, it would be properly anzlyzed.

|
|
4.1.10 Project §.11a, b, and ¢, Pipe Diagnostics, TV Coverage and Shock. i

The LDS pipe and closure system have been described in an earlier chapter,
The cbiective ¢f 9. 11a was to record on magnetic tape the closure times of debric
containment devices, time of shock arrival, long-term pressure measurements,

ground displacement, and ground motion.

=

4.2 SYSTEM EXPERIMENTS.
4.2.1 Project 2.01a, Poseidon Guidance System Components Test.

o @
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in the ancillary equipment which prematurely turned power off. The passive vidi-
con tubes were recovered; one had the g'ass envelope broken during recovery.
The other two operated normally. Lifetime tests were planned.

The magnetic core experiment was composed of 10 tactical configured six-
bit registers and 10 nontactical configured six-bit registers. The rontactical con-
figurations included open circuit, diodei only, capacitors only, sherted bits, and
shorted interconnents. The cores were i70-mil tape wound, I mil permalloy on
stainless steel bobbins.

The dcse receivaed on the test was abou Of the
120 cores in tt - expe:riment, cight bits were changed, showing no pardcular pat-
tern with respect to civcuitry or crisntation. Some partial switching was ob-
served. There is some reaso: t; b:lieve that the bits that were switched may
represent errocs in the experiment, so the results are inconclusive.

Two sets of three optical elemants of the Cassegrain telescupe associated
with the vidicon were exposed. Accceptance test procedures were performed
before and after. Mo physical damuge and negligible optical degradation were
observed.

4.2.2 0 Project 2.01b, Puseidua Semiconductor Components.

The object:ves wers to

(2) study the metallization damage ohero!
parts tested in MILK SHAXKE,
(3) study the Jdegradation of electrical parameters (B, ICBG) in Poseidon

transistors,
(4) study IEMP in Poseicon cables, and
(5) evaluate the uscs of solder in the Pog2idon missile.
The fnllowing four changes wer4< made in the construction process of

transistors:
(1) l-mil] alvminum wire was welded to the post and the wire attachment

points at twe binding post were coated with resin,




(2) the deformation of wire at the binding post was limited to between 135 and
250 percent and a no-void criteria was maintained in the die-to-header gttachment
with ~10 percent visible voids on any side of the die, '

(3) ultrasonically bonded, aluminum 1-mil wire was used to the wire-to-die
attachment, and

(4) a performless die-to-hzader attachment was used.
Six changes were made in the integrated circuit construction:

(1) a no-void criteria was maintained at the die attach,

(2) gold thickness in the die attach was controlled,

(3) gold thickness on the lead-in ribbon was controlled,

4) lemil aluminum wire with controlled impurities was used,

{5) ultrasonic bonds wer¢ used at the die and lead-in ribbon, and

(6) {ishtails or double honds were not allowed.
A total of 2, 355 of these devices were passively tested. They were checked for
continuity a few hours before TO and again a few hours after TO. To obtain phe-
noryenology data on die-to-header bond failures and metallization failures, two
typeé of test samples were irradiated. These were functional types of integrated
circuits exposed with power applied and a silicon die of special design to separate
certain variables; i.e., metallization geometry, contact area, large P-N junction,
bias, and package material. Active-bias integrated circuits were exposed to

o,

Simplified geometry devices were used to determine metallization burnout.

Some of the dev.ces were biased during the test

Eightetny NPN transistors were measured for changes in current gain at
deposition levels oI i B, Recovery.of the gain degrada-
tion was recorded on an oscillograph.

Both active and passive experiments were inade on shield?d wire and flat
cable. The voltages were recorded on oscilloscopes in the active tests, and peak
detectors and magnetic spheres were used to obtain data on the passive samples.
The voltage outputs from a Compton diode ard a capacitor were also recorded.

The use of solder on multilayer circuit boards and cable shielding repairs
Las investigated by exposing samplas of these items to surface doseb
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device

of 874 intem utad cﬁmuﬁts md no ﬁuluru out of 448 bipolar devices. The metal-

there werc about 42uuures out

lizations damrge ohserved wag of the microcrack variety., The most important
information that can be obtainad from this portion of the test is the verification
that the microcracke did occur at zere time, implying that & radiation=induced
stress caused the stripe discontinuity. Gain degradation was recorded o all 18
C3 transistors. In general, the degradation obtained in MINUTE STEAK is more
severe than that in Hermes, Ir an effort to rescive the differences, further cal-
culations are being made to determine i secondary clectron emission from the
transistor-can in MINUTE STEAK contributes gignificantly to the total dose af the
chip (secondary emission was not included in pretest calculations). Good results
were obtained in the IEMP cable experiment, and table 4. 6 lists some of the
results as compared to predictions.

The solder experiment demonsirated that even though there was tome spall

.and spiatter, sclder use would probubly be permissible in the parts tested.

All of the project ob;cctives were attained in gm test,

of Block IT and IV Minuteman III parts 2gainst bond damage and metallization

burnout )

(3) outain baseline data to use in es{ablahing a hardness assurance program
for Minuteman III piece parts.

Three systems worth of semiconductor piece parts (about 26, 000) were tested
for X-ray-induced damage. One system was exposed at criterio

one at two times criterion, and one at five times criterion. Data on all parts
were recorded immediately (i.e., milliseconds) before and alter 'ro by means of
an elaborate commutation systera. This was done to assure that any damage noted
was the result of radiation and not of ground shock or handling.

68 69
= /m/




No radiation-induced lead bond fajlures were found nor were any radiation~
induced meiallization burnouts observed in either new MINUTE STEAK parts or
reexposed MILK SHAKE parts. A total of 45 possible other failure indications
was detected in the screening of data, all in new parts. An analysis indicated that
29 of these potential failures were clearly not the result of

“ﬂ. therefore, were outside the scope of the test objectives of this
experiment.

The remaining 16 possibie zero-time failures were further analyzed, and 12
were found to be the result of artifacts of manufacture of the mounting assemblies:
open solder joints, faulty connector engagement, malfunctioning subcommutator
driver, open board eircuit, and intermittsnt circuit-isolation diode operation.
Four of these 45 fallures were possible radiation-induced failures.

The commutator datz are srmbiguous on the time of failure of these four mal-
functioning parts. One failure was cauged by an external lead break; the others
are mory subtle effects at the semiconductor chip. From the standpoint of over-
all systems implications, the possibility of such radiation-induccd effects invites

further inquiry. .
4.2.4 ' Project 2.02b, Minuteman IIl Computer Test.

The objective was to verify the hardnest of engineering model Minuteman I
computers and provide timely inputs to Minuteman III production computer design
hardness analysis.

This experiment was the {irst test of an operating Minuteman computer in a
total nuclear device environment. Two operating D37D-1 computers were tested.

One was exposed at approximatel iR

R Sl R N shhldingmzadjustadlo
that the de pth-dou promo was a \vont case test. The computers were operated
in a specinl 60-msec program which repeatedly exercised as much logic and cir-
cuitry as possible and allowed testing of critical in-flight functions. Figure 4. 12
shows the equipment and instrumentation layout,
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The D37D-1 computer at the criterion station operated correctly through
the test event and incurred no significant radiation damage. The transient mal-
function at T + 26. 5 secands was not related to the radiation environment. Aver-
age values of the diagnostics indicate that the test radiation environment equaled
or exceeded the Minuteman III radiation criteria.

The D37D-1 computer at the five times criterion station exhibited a transient
malfunction shortly after 'I‘o. The analyses of the radiation malfunction response
of the computers indicate that deilayed gamma radiation prevented the setting of
flip-flops critical te computer recovery from circumvention. The computer
suffered nc permanent radiation damage.

No change in the D37D design is required to remove this extended radiation
pulse malfunction mode. Advanced design D37D computers have an &ll pulse~
width (dc coupled) hostile environment detector which prevents setting critical
flip-flops before radiation levels are below the computer vulnersbility threshold.
This experimert accomplished all its objectives.

4.2.5 ’Project 2.02c, Guidance and Control Materials Radiation Field

Test.

The objectives were to determm selected samples

of materiais and components from the Minuteman III Guidance and Control (G&C)
system to verify previous analysis and to test components not amenabie to analysis

or laboratory testing.

Six items were tested at both th_ations. These were:

(1) a silver-zinc battery which provides 28 volts dc for in-flight operation
of the Flight Control Systems, the NS20MGS, and the Reentry System,

(2) a Critical Leads Disconnect Switch,

(3) Gyro-Stabilized Platform and Fill Vaive Samples,

(4) Material Samiples from Flight Control Hardware End Items,

(5) & Diode Block Assembly, and
The items were expcsed 8o that the surface dose coparison of a worst-case
criterion and the dose recejved at MINUTE STEAK were within a few percent.
Some of the possible effects looked for were glass cracks in the battery, shorted
contacts in the swiich, bond fallures in the housing samples, blowoff of material
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samples, delamination in the diode block assembly, ana pe: uu.-.-w.....,_,,:reases
in the Hipernom samples. Some of the samples were active during the test.

The experiment objective was met. All of the test {lems. !unctionally sur-
vived at the low and high stations. S . : -

Battery. The low and high station batteries survived the test environment.
Test data ccnfirm survivability of the battery in the entire criteria X-ray speciral
range “cept for the terminal feedthroughs and the steel case.

Critical Leads Disconnect Switch. The low and high station switches survived
the test environment. Electrical characteristics remained within specification
after exposure. Test data confirm survivability of the switch in criteria environ-
ments

GSP Housing. The GSP Lousing samples with tantalum scratch repair patches
survived the test; that is, the observed material effects weuld not significantly
impact GSP operation. The damage to the gold firish would still allow proper
thermal control in the GSP. The fact that ¢he aluminum to tantalum epoxy bond
failed in the high station samples is not significant, since these bonds have been
replaced in the Mimuteman 11l design by a strongly radiation-registant titanium
welded configuration.

Flight Control Materials. The flight control samples survived the high and
low station environments. A negligible amount of surface material was lost.
Test data confirm survivability of the flight control shields simulated by the test
samples in th riteria environment range.

Diode Block. The low and high station diode blocks survived the test envi~
ronments. Electrical characteristics remained well within gpecification after

exposure.
Hipernom Cable Shields. The Hipernom cables and washers survived at the

high and low stalions, and rf attenuation capability remained within specifications.

Survivability of EMP shieldmg capability is predicted for criterisn environment

' i Lo Radiation environment contribution, if any, to
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the degradation in connector rf shielding effectiveness could not be separated
from the oven thermal environment contribution.
4.2.6 _Project 2.03. ST

Engine. S " ‘ .
The objective was to determine the survivability of an operating 23-pound

thrust pitch and yaw conirol engine, used in the Post Boost Propulsion 8ystem
of Minuteman,

The exhaust nozzle and throat operate at 1, 600° F after 8 to 5 seconds of
burning time. Spalling or cracking, caused -deposmon at this time,
could cause failure. Theoretical analysis showed that the margin of safety would
be significantly reduced by th_eposmon. There were 0. 28 pound
of fuel, monomethyl hydrazine and 0. 40 pound of oxidizer, nitrogen tetroxide,
which gave € seconds (-$ seconds tc +3 seconds) of burn time. He'ium was used
for pressurization and as a purge. Data, recorded on tape, were obtained on
the pressure in the chamber and the fuel and oxidizer. Analysis of the operating
engine's chamber pressure trace and visual inspection of the engine's nozzle and
throat indicate that no damage occurred from absorption of Ground
shock caused ioss of power at approximately +1 second but caused nc loes of data.
All the project objectives were accomplished.

4.2.7 ‘roject 2.07», Internal EMP.

The objectives were to:

(1) measure the currents in principal cables and the internal magnetic field
in a mockup section of the third stage of the Spartan missile, and

(2) measure the photo and Compton electron current densities emitted from
both shielded and unshielded sections of the skin of the Spartan missile.

The Spartan model was scaled dowp to 1/2-linear dimensions so that the
model length to induced electromagnetic wavelength ratio would simulate the
actual threat case. Five wires in the harnesses were actively monitored along
with a test loop and a noise cable. Several wires were passively monitored with
Sandia Corporation magnetic transfluxors. The H ficld in the mockup was meas-
ured with Lockheed Research Corporation magnetic spheres. Three diode detec-
tors had simulated Spartan skin as a front surface. These were combinations of
tin and aluminum, and the vacuum ranged from 0.01 to 10m Torr. Pulse shapes
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ST RN d of duration greater

were observed on all cables monitored in the Spartan model with the exception
of the ncise cabie and the cable attached to the Spartan S-band antenna coaxial
line. The noise cable had »GENENEEEEEECIN SRR e T
Sweep times were too short to record the refum of the ligm.i to the base line

The H fields were_ in the unshielded section of the model

and 15 to 20 oersteds in the shielded section o! the model.

R : ~ 2 ] Thesewere
close to predicted All the objectives of this experi.ment were accomplished.
Figure 4. 13 illustrates one of the detector outputs at TO'

4.2.8 Project 2. 08b, Safeguard Sysiem Components.

The objectives were to determine the probability of failure curve of the most
widely used Safeguard system semiconductor components and evaluate the effec-

--tiveness of a screening procedure for metallization burnout.

A total of %, 500 devices were exposed at {five levels ranging fro

‘ith expected failure fractions of 0.001 to 0.90. Of these, 6,000
went through the metallization screen consisiing of a 5-second, 700-mamp
current pulse to each chip. There were about 1 percent metallization dropouts
during the screening test. Each device was tested before and after the even! but
exposed passively. These were standard gold technology construction.

The observed failure fractions ranged from 0. 07 to 0.93, very close to pre-
dicted. No die-bond failures were observed, even at-vel
where some would be expected, indicating that a superior die-bonding procedure
had been obtained. Also, no metallization burnouts were observed indicating
that a good metallization technique had been obtained. All failures but one were
due to gold ball-bond lift-offs. Since this bond is now established as the weakest
part of the structure with regard to thermomechanical considerations, improve-
ments in the design should be made.

Failure analysis revealed that only about 30 to 50 percent of the ball was

bonded, the remainder was simply resting on the 8102. Among the possible
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ways to improve the bonds are the following:

(1) enlarge the bonding pad, and

(2) change to gold metallization. _
4. 2.‘) Project 2. 10, ECM Circuits and Components. -

The objective was %o determine th—f jammers in the
context of their employment as ICBM penetration aids.

Operating circuits and components were exposed at fluence levels between

he circuits included transmitter modules, RF amplifiers,

noise sources, YIG filters, and oscillators. The components were mostly active
and passive (about 300) transistors along with a silver-zinc battery. The primary
measurements were of the power and frequency spectrum output. The RF output
signals were displayed and recorded from spectrum analyzers and also detected

and recorded as dc signals.
At ground shock arrival, about +1 second, power to the instrumentation

trailer was cut off and data were lost after this time; however, up to 80 percent
of the objectives may still be obtained from analysis of the data obtained. Table

--4.7 lists the results obtained on the active ecircuits.

An overall condensed summary of the nassive transistor experiment shows

-

.......

The objectives were to ascertain that failure rates in Mk 3 semiconductors

.re acceptable—
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| and to correlate with electron beam tests.




TABLE 4‘

Sration

«-MINUTE STEAK Project 2.1

from tests of active circuits

Wuus obtained

Fluence (cal/cmz)

Circuit
MEP Transmitter (potted)
MEP Transmitter (bare)
iEP Battery
Noise Scurce-VCO
LPP Amplifiers
LEX-1 Modules
LEX-2 Modules
TTB MM15§59
TAT S
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S1050
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A tota.l of 4, 500 tr ansxstors and 1, 080 integrated circuits were distributed

Y The back of the unit was facing the

equally at levell

incident fluence to prevent melting of the Si-Au die attach layer and limit damage
from rhock effects. Four different capacitor discharge units were 2lso exposed

to determine their induced charge losses.
The resul’s of the transistor portion of the semiconductor experiments indi-

eI SN There were 23cata-
schic ehanic failures 4, 08D transistors. Of the 23 fallures, 22
were failures of the 1-mil wire bond at the pest. The one unit that failed at the
heel of a wire bond at the silicon die exhibited evidence of mishandling. Thus,
it is felt that the 22 postbond faflures are really the only failures/RIEEEE "

s Of these 22 transistors that iailed B

The ICs in MINUTE STEAK {ailed in the same general manner as the ICs
-that were exposed to the electron beam environment. These failures included
lead bond failures, die fracture, and total delamination of the die from the
package.

Four types of energy storage capacitors were exposed in the MINUTE STEAK
Event:

(1) ceramic used in the Mk 3, Castor, Sprint, and Spartan;

(2) Bentonite, used in the backup Sprint Capacitor Discharge Unit (CDU);

(3 mica parer &s uset in the Sprint and Spartan main CDUs; and

(4) Mylar, used as a reference.

The quantitative agreement hetween predicted and observed charge loss
results is good for the mica paper type but poor for the other types. Recent
laboratory work with the bentonite tvpe shows such a wide and unpredictable
variation in rodiation-ivduced charge loss that, at present, it is meaningless to
attempt predictions for this type.

4.3 @) naroENNG ExPERMENTS (RS

4.3.1 Project 2. 04a, Metallization and Bond Study.




The objectives were to:

(1) verify the Scanning Flectron Mirror Microsuope (SEMM) as & possihle
100 percent semiconductor piece part screen,

(2) test new hardening techniques and procestes in a field test environment,
and

(3) compare field test data with that obtained in electron beam experiments
on metallization hurnout failure mechanisms.

Large secondary photocurrents flowing in metallization strips that contain
defects can cause burnouts. These defects can be detected with the SEMM and
removed during production line quality control. Since the eleciron beamn does not
impinge upon the sawmylec, this is a nondestructive screen. The test structure was
a modified 2N918 transistor with eight metallization patterns, and three metal-
lization thicknesses were employed. Data were recorded on magnetic tape, and
A total of Y0 transistors
were teste {NEEERREEEE SRR New hardening
techniques tried were the gemtrical dependence of bond failures, beam lead
devices, lead wire thickness, baryilis headers. glass frit mounts, epoxy seals,
the influence of molybdenum on die attach, and a comparison of Au-(Mo-Au) bonds
with Au-Al bonds and Al-Al bonds. These were passiva tests.

Thirty~one percent of the transistors at the .

all parts were monitored prior to ground shock arrival.

A » . R . .
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siation®. Good Gata were obtained on cross-sectional area dependence of the
burnout with the thicker sections showing less damage. The data from E-beam
testing and the posttest analysis indicate that the SEMM does have possibilities
as a 100 percent semiconductor screen; however, the present equipment and
techniques need to be refined. The geometrical dependence of bond failure study

was lost due to the 100 percent failure caused by gold wire and plating vaperiza-
tion and die attach and chip fractures. There were several damaged devices in
the hardening experiment which will allow comparison between various techniques.
Approximately 80 percent of the project objectives were accomplished.




The objective was to evaluate the measures taken {o harden power transistors.
These trensistors are made with muttiple chips and wires, deposited silicon
emitter resistors to minimize second breakdown, sluminum contacts and wires,
Si-Ge eutectic: and ceramic headers Forty -Iive devices were expos

i . : R  Twenty of the devices

“Were placed uner olecto-ier bias voe.
In spite of the fact that there were 88 metallization defects, 20 wire~bond
failures, and 1 die-attach failure, all the transistors met electrical specifications

after the test. The worst gain degradation was 40 percent with more t)pxcal

values of 10 to 20 percem S

ow vages remaind tne same or increased slightly. Devices with severe
metallization damage had essentizily the same electrical characteristic degrada-
tion as undamaged devices. This is probably due to the multiple emitters present
on each chip. Significant damage can occur to the metallization and still gllow a
large fraction of the device to operate normally. A number of small experiments
were also exposed by Project 2.04b. A brief description of the experiment aad
these results are given bslow. .

Thin-Film Hvbrid Materials. The main objective of this experiment was to
compare the relative X-ray vulnerability of gold and aluminum based thin filrm
hybrid systems. The results ind te the o]dthin film hybrids were completel}
destroye KIS ' I s
lit'le damage. The aluminum thin mm hybrids sunived at bothbtanons y
absen’ ¢ ol thermomechanical failure gy RN ' |

shows promise for the future use of thin film hybrid structres.

Geometrical Dependence of Bond Failures. The main objective of this
experiment was the correlation of field data with laboratory data on & geometri-
cal dependence of lead~wire failures due to constructive interfererce of thermo-
mech:nical shock waves. The field verification of this effect wac a failure, as
all of the 279 davices failed to withstund the elevated doses attained. Because

ei




there appears to be ample laboratory data in support of the geometrical depend-
ence theory, another attempt at field verification is not recommended.
FPeam-Lead Devices. The main objectives of thic experiment were:
{1) a quick«look investigation of possl" problem areas
with beam leads, and
(2) the verification of the radiation hardening beam lead technology of the
subject circuit.
Eight SGHO integrated circuits (lC) &nd 11 SGMO beam lead chlps were irradiated

SR e o No permanent damage or
electrical degraaatlon was observed for the eight 5G140 ICs, and the 8G140 chips
were found to be electrically within specifications where measurements were
possible. The only possible failure or degradation observed was the Glight
increase in resistivity of an ohmic contact of two 5G140 chips. ‘The increase in
resistivity was small enough to be within the experimental erzor.
4.3.3 ) Project 2.04c, Bond-Puller Experiment.

The objectives were to test the following two hypotheses:

(1\ Semiconductor device gold-gold wire bond faliure at near criterion level
A AR, gc Jue to mechanically defective wire bonde which can be identified
bs pulllng the interconnect wire to some nominal force level, and
(2) The nondectructive pull test screen does not degrade the radiation

resistance of good boads.
Approximately 3 300 Minuteman mtegrated circuits were exposed to an

average deposi’ i/ ;
had be.n screencd wtth a wtre puller. while 825 were left as controls.
One device in cack group failed due to chlp fracture whir'h mtersected and

roject 2. 083; Hardened Transistors.

4.3.4
The objectives were to:
(1) demonstrat QUUURENREEINES




4.3.5 qEEPProsect 2.09a. ¢, ase o NENRNRIENRL semiconductor

. _,3.-0

Devices.

The objectives werea:

(Part a) Cetermine failure mechanisms in recently developed technologies,
(Part ¢) evaluate new hardening techniques, and

(Part d) determine low probability failure data for the MC-833 integrated

circuit.

This was primarily a test of advanced emiconductor

devices. About 12,000 devices were irradiated in the test, including devices

&4




with intermediate- ard liiw-Z packages, plastic encapsulation, a soft plastic die
coating. and flip-chip and beam-}jead ronstruction.

Dielectric isolated (D]) diodes and multi-chip (MC) diodes were irradiated at
five levels. The DI diodes exhibited a fairly high failure rate, even at low levels.
These failures were due to bond fallures and metallization burnout. The multiple-
chip diodes devices survived very well and show promise as a technique for mak-
ing extra-hard signal diodes. Aguin, the AlGe die attachment survived the highest
levels. The principal mode of {ailure for these devices was the fracture of the
header. This most lilzely resuited from the overpressure and fiiter impact, since
these headers were much larger {about twice as long) than the standard package.

Ceramic flatpacks with beryllia header power transistors showed high faflure
rate RN ks o ) T N Two
types of TO-9 power transisms 'r included ic the test. One had a molybdenum
insert between the silicon die and the steel header, while the other had the die
attached directly to a Kovar header. No failures s'ere observed in the devices
without the mulybdenum insert while fallures were observed in the others. Unex-
. .pected fallures were observed in devices utilizing the inverted die mounting tech-
nique. Plastic encapsulated transistors and operational amplifiers are still being
examined. A pulse-length correlation test was aJso performed. The number of
failures was as expected and will be compared to laboratory results.

In Part ¢, the MC-833 IC was exposed with two diffierent sealants. The
Pyroceramic sealant used to hermetically seal the lids failed catastrophically at
ali the higher levels. Even where the Fyroceramic itself did not fail, shocks
were generated in it which propagated to other parts of the device, causing failure.

On the other hand, the devices sealed with the Schultz glass sealant survived
the highest two levels with only a few lid
failures and a few wire failures. Furthermore, no internal damage, such as die
attachment failure, die fracture, or wire bond failures, was found in the Schultz-
glass-sealed devices.

Part d, the statistical test for the MC-833 integrated circuit was designed to
be a proof test at intermediate levels and low fajlure rate of a su r-had tech-
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operated'nominaily after a perind of instabllity. The cutput pulse width was at
least five times greater than the specified 1. 5 msec. The principal anomalies
can be traced tc the detection cirzuit and the voltage regulator. The PIN diode
in particular experienced a large saturation dcse ond sulfered pearmanent damage.
The timer unit, with a radiation talerance based upon 'he frequency discrimi-

nation of vermalloy magnetic cores, functioned perfeccly during the radiation
period with the principal radiation effect observed on the 1Z+volt regulator as an
18-msec decay transient. Altlough the circuits dic not perform as hoped, the
objectives were accomplished.
4.3.7 _Projeet 2.40b (SLA), Hardernzd Neutron Geaerator Tubes

The abjective was to test harcened neutron generator tubes for mechan-
ical failure. Mecharical failures of MC-2041 neutron genvrator tubes were cis-
covered on the CYPRESS Event. Changes were made in the ronstruction and

Ll ed at Station 1. Six tubes and four tube headc»s were exposed to
Wd examined for overstressii.g of the high-voltage ceramic which
could result in a fracture at the ceramic and molybdenum plate interface. All
the tubes survived, but ail the hegderc failed. This exposure was an overtest of

the headers, but the objectives 'were accompiished. The consistency of the
results suggests that the process changes incorporated into these units to zlimi-
nate residual stresses were successful.
4.3.3 0 Project 2. 40e (SLA), Pulse Power Strain Gape. The objective
was to eviiuate & {ast recovery strain measurement system. This system was
desigﬁed to recover, in times less than 30 to 40 usec, the recovery time cf
present systems. An aluminum tuning fork was prestrzined and measured during
the test. Large noise signals were observed, and there wers no indications of a
tuning fork strain signal. The tentalive conclusion is that the pulse power sup-
plier failed to supply excitation voltage to the strain gages. The project objective
was not obtained.
4.4 INTERACTION EXPERIMENTS.
4.4.1 QI Project 205, Magnetic Matertals.
The objectives of this experiment were to:

(1) investigate the behavior of magnetic materials and memory devices.



(2) investigate the interactions between electrical windings and memory
cores, and

(3) determine which magnetic and physical properties significantly affect
the hardness of magnetic memory element.‘

The experiment consisted of preset-passive-magnetic memory devices and
passive magnetometers in cassettes at Stations 1, 3a, and 6. The cassetie at
Station 3a also contained active magnetometers and calorimetric dosimetry as
well as 60 actively monitored preset permalloy and ferrite-magnetic niemory
devices in which voltages induced on the windings were to be monitored.

Both active and passive magnetic field measurements indicated that very
complex magnetic fields were generated within the Station 3a and Station 6
cassettes. The active measurements showed oscillating fields. The passive
spherical magnetometers indicated the magnetic fields changed in both amplitude
and direction over the surfaces of the cores. As the spherical magnetometers
provide poor indications of oscillating fields, their results were regarded as
minimum field strength indications only, and thus the correlation of effects with

- rasiation-induced magnetic fields is only qualitative.

The ferrite cores without windings provided data on the susceptibility of in-

formation stored in magnetic devices to nuclear radiation. ‘Twenty types of cores

were expnsed ip groups of 10 to 20 to seven different radiation levels. The reduc-

| very wel\ with magnetostriction and cocrcivity as is predicted by magnetoacoustic

theory.

Actively monitored preset cores produced output signals at radiation arrival
time which lasted approximately I microsecond which is about the acousiic trans-
it time of the cores. The energy in the output signals was proportional to the mag-
netostriction of the cores and agreed with measurements of flux lost in the cores.

The general conclusions of this experiment ar the
' gpmagnetic cores will produce flux loss through magneto-




strain, the magnetostriction and the coercivity of the core; the amount of flux

loss will be greater for cores with winds; and that pulse. magnetic fields external
to the core will interact synergistically with magnetoacoustically produced internal
fields to increase the ammunt of flux mss |

4.4.2 T et

The objective was to measure th:e effects of air pressure on the transmitted
photoelectric and Compton currents in enclosures.

Tihree diode detectors, at various pressures, were used to measure the
magnitude of the current puise. These had 40-mil-thick aluminum faces and air
pressures of 13 Torr, 44 Torr, and 250 Tory. Equalizers were used for each
signal gable and the results displayed on fast odcilloscoper with 80 nsec sweep
times. " The peak voltages were 1, 815 volts, low pressure, 1,235 volts at the
mediun pressure, and 1, 008 voits at the higher pressure These results agreed
with predic'tion ' SR '

'a

.__ew;m,.-nm xx.a‘t.‘“-4...,:;'».ﬁ;.a‘-a.-,-‘ W
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acce omplished.
' 4.4.3

y - .
The objective was to obtain data on the eiiects of I : on
magnetic memory components. Four types of cores and two types of plated wire
were tested. These were a permalloy-type core wound on a stainless steel
bobbin, a permalloy-type core wound on a ceramic bobbin, a farrite core com-
posed of 2 lithium ferrite, a ferrite core composed of a munganese ferrite, a
Honeywell plated wire module, ard an IBM plated wire module. Active data were
obtained using oscilloscopes, a camera with a high speed film transport, and an
FM tape recorder. There were also passive samples for comparison.

Permalloy tape~wound cores on stainless steel bobbins switched state when

subjected to an enhanced electron emission. “

Radiation-induced switching resu.lts from thermomecharical shock and an
induced concentric field. The direction of the induced field i5 important in core
switching. Much of the confused data on core switching results from the fact that

i :




the direction of the IEMP field is unknown and, hence, the direction of coupling
is unknown.

The tape-wound permalloy cores on ceramic bobbins showed permarnent
damage. The posttest read pulse was reduced in amplitude, as well as the base
width being lengthened. Passive cores of this type, exposed in the same environ-
nient and with wires through them, showed a gross change in the shape of the
hysteresis loop after the test. The level at wh.ich a permanent change in the mag-

netic characteristics occurs it g ) R B This same approximate
level holds for permanent effects o plated-wire elements also. This is approxi-
mately 1/3 the level at which physical damage is observed to occur. No switches
were observed in the rictive data even at the high level; however, the thermo-
mechanical shock was much less because of the ceramic bobbin. The passive
cores exposed at high levels and permanently damaged did show state reversal.
The data on the ferrite cores are somewhat 1ess conclusive; however, they
gtiil indicate that JEMP influences core response to a radiation field. The more
sensitive of the two types tested seemed to te the lithium ferrite cores with the
largest polvcrystalline magnetostriction.
The Hunevwell closed easy axis (CEA) plated-wire memory test showed that
R SRR - ident on the top plane and a dose gradient through the
stack ] radmtion pulse will indeed interact with the memory. The observed data
showed that the radiation pulse had "written" on the memory; i.e., changed the
bit state. On the lowest leve! exposure, only one state changed, indicating direc-

tional coupling, as one might expect from an IEMP.

The IBM closed hard axis (CHA) plated-wire memory test which used a single
plane shnwed that belo“ no effects of any

kind were observed. One possible bit revrsal and some reduction in amplitude

were obser : Lo o
that this may be the threshold of mteraction for this type o{ memory

The passjve plated-wire tests gave simuar results
4.4.4 Project 2. 12, [RCEESETIEE Tk :

Construction
The objective was to determine damage to Minuteman
solid propellant and sel2ct constru.tion materials used on 1Z”BM«. '

0




Damage to rocket propulsion materials falls into three basic categories:
mechanical, heating, and radiolytic. Examples of these are spillation of mate-

rials into the motor, expanding and delamination of liners, gae evolution, cross
linking in propellants, and molecular-bond hreakage. Samples such as propel-
maraging steel”, zir-

lants, fiberglass laminates,
conlum oxide, TR i

£
.« .3

wire-wound tungsten thrcats,

Posttest examination of the samples did not reveal damage that would be
considered detrimental to overall missile performance.
4.4.5 *roject 2.20d, Mk 8 Cable Experiment.
The objective was to determine Sy ‘
Seven cables were exposed at th ation. Two types, copper
coax and flat aluminum, were mounted with various configurations of depleted
uranium and polystyrene foam to separate the different effects. £ll cables were
covered with 0. 18 g,/cm2 of carbon foam. Four oscilloscopes were used with
each cable to record the voltage as a function of time.
Voltages up t 'eré recorded with the different configurations
giving not only different voltages but opposite polarities. The signals lasted on
the order of_ A signal was also recorded at
arrival and lasted for over a microsecond. Further analysis is being
made to identify the source of signals observed between the various configuraiions.
The project objeciives were accomplished.
4. 4. o\
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4.4.7 ) Project 2.40f (SLA), Compton Diode.

The objective was to evaluate a simplified design of a Compton diode as an
oscilloscope trigger.

Data wzre obtained on five Corapton diodes exposed at Station 1. The results
ghow that 2 smaller, simpler than normally used diode, is reliable, that a solid
dielectric (rather than oil) can be used, and that a special connector (rather than
long pigtails) performed well.

4.4.8 ’ Projects 2. 20e and 2.40g, EMP Experiments. Both projects were

external to the MINUTE STEAK experimental chamber. The descriptions and
results of the tests are not of genera! interest and can be obtained if needed from
the Technical Director.




CHAPTER §
CONCLUSIONS AND RECCMMENDATIONS

. The degree of success of a field test is determined by the number of
objeclives which were accomplished. The 41 experiments in MINUTE STEAK
had 1 total of 64 objectives, of which 46 were uccoraplished, seven will probably
be accomplished after all the data have been analyzed, and 11 were not accom-
plished. Based on the weights given each project (table 3.4) and including the
probables, MINUTE STEAK was about 87 percent successful in obtaining its
objectives.

5.1 PEXPERIMENTS.
5.1.1 mmagnostics

The fluence and spect'f'um were very close to nominal with the consensus
B | 2t any glven station.

Le 3 , ‘
'I‘he two pnme diagnostic experiments agreed relatively well (2. 20b and
2.16). The developmental diagnostics were somewhat successful in that the TLDs
(2.15) gave good results while the ferroelectric detectors (2. 06) failed to respond
as expected. The bent crystal (2. 13) did well at low energies but not on the high
end of the spectrum. Many of the prejects did some of their own diagnostics
inside their cassettes, and in general these results agreed with the consensus.
The small differences in some cases were probably caused by geometry factors
created by an extended source.

It s concluded tha' the prime diagnustics were adequate and satisfied the
fourth objective of the test.

There were no time-resolved diagnostic measurerments made; however, none
of the ewerimentevs exoressed interest i-x this, and 80 it was unner'essary

“ o y o
.. [ TP S . Y T

Tne Poseidon vidicon and gyroscope experiment {2. 0la) was inconclusive in
that the vidicon support electronics failed befor= the active data could be obtainead.
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The passive data indicated that no pernianent camage occurred. ‘fhe gyioscope
had a permanen! offset of the drift signal. Results were obtained on the semi~
conductor tests (2. 01b) with no failures at the lover leve! S
e e ~ -, T E O S SRR The fanures however were
not the t;pe expected i.e. . bord and die damage. but rather die-down/substrate
separation and internal solder spall.

Minuteman experiments obtained good results. Four possibie radiation
failures, out of 26, 000 devices, were found in the semiconductor tests (2.02a)
which could be sxg'ni.ficant since they _’.,; SRR he computer ex-

gpo2b) survive (ERNUNNISSERNRERERY Thc computer at

. AN 0 circumvent properly. but a red sigml hostile detector

has ellmmated this problem Other Minuteman experiments, such as materials
and components (2. 02c and 2. 02) turned up no unexpected problems.

The results of the Spartan IEMP experiment (2. 07b) indicate that this phe-
nomenon could be a serious threat and should be investigated further. The
Spartan semiconductor test (2. 08b) also gave good results, showing the actual
probahility of failure curve is very close to predicted.

The ABRES (2. 10) and Mk 3 (2. 403)_ circuits and semiconductor tests obtain
a large amount of useful data.

5.1, 3 “iardenirg Experiments It appears that with current
transistor technology, semiconductor devices can be mude as hard as needed with
respect to thermomechanical damage (2. 08a and 2.092, ¢, and d). ‘Che problem,
if there is one, is quality control. The damage mechanism of metallization burn-
out (Z2.04) may have been established as valia. It appears that the SEMM shows
Froraise as a 100-per.-ent screen for semiconductor devices although refinement
is necessary (2.04z). Also, some of the hardened circuits did not perform as
expected and observed in laboratory tests (2. i1 and 2.40b).

5. 1. 4‘nteraction Experiments.

The magnetic experiments seem to have obtained consistent data and have
shed some light on the question concerning whether or not magnetic effects are a
creditable damage mechanism (2. 05 and 2. 09b). Data were obtained, arong
other things, on the inflvence of magnetostriction and on switching in plated-wire
memories.
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1EMP has become an h‘nportt.nt subject, and the projects which made meas-
urements all obtained good results (2.07a, 2.20d, and 2.40d). Data were ob-
tained on the EMP's dependence on air pressure and on types of miterial and on
different types and arrangements of cables.

Analysis of several rocket motor materials (2.12) revealed no damage that
would be considered detrimental to the overall missile performance.

5.2 ‘ LOS CLOSURE SYSTEM.

The LOS closure system worked as designed. The unly problem was the
unexplained leakage which did not affect any of the experiments but could have if
the winc had not cooperated. There is, of course, the public relations aspect
which might be a problem in future tests.

In the discussions of the contingency plan, some thought should be given to
the unlikely event that a monits.: light indicates either a premature closure or
partial closure during the countdown. N this is not taken into consideration until
it happens, a false indication of 2 premature closure could cause degradation of
the experiments during the time all the possibﬂities of what to do are being dis-
- ~-cussed. . ; : R : ' S '

5, 3‘62\’ERAL

The ground rules concerning the mandatory dry run prior to downhole opera-
tions need to be clearly defined g0 the experimenter knows what is expected of
him and even more importani so that an experiment is not degraded because of an
unnecessary restriction placed on its operation as a result of the Mandatory Dry
Run (MDR).

During the 24 hours prior to the shot there were five unexplained cases of
instrumentation power loss in the trailer park. These were in Projects 2. 07
(twice). 2.05, 2.10, and 8.31. One case, Project 2.05, reculted in damage to
22 oscilloscopes, several amplifiers, and power supplies. Only because of the
commendable work of the Bendix instrument repair group was Project 2.05 able
to fully pariicipate in the test. Since power loss, both before and after {four on
this test; 2.03, 2.10, 9. 12, and backup winch power) tests, has been and

St




continues to be a frequent mishap, it miight be advisable for a committee to
investigate this protlem.

Many of the problems in the field were caused by lack of reliable air con-
ditioning equipment in the instrumentation trallers. }urthermore, during the
summer months zipper tubing can only be zipped in the early part of the day.
The plastic zippers won t zip in the intense heat of the midday desert sun. Field
tests in Area 5-11 of the Nevada Test Site are batter scheduled later in the fall,
winter, or spring than in the summer or early fall.
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APPENDIY

REVIEW OF THE EVOLUTION OF THE
JINUTE STEAK PREDICTIONS
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SYSTEMS, SCIENCE AND SOFTWARE -

30 July 1869

Col. J. Bower

Defense Atomic Support Agency
Test Command, Sandia Base
Albuquerque, Nei. Mexico 87115

Dear Co). Bower:

» The predictions for the Minute Steak experimental environment have undergone
ur.ber oi revisions during the pas: gix monthr. The purpose of this note is to review
the various sta;er of evelution of those predictions so that all concernsd have a clear
understanding of how the current set of predictions was obtained, It is also useful to con-
sider the possible uncertainties whick are inherent in the predictions.

A.1 INITIAL PREDICTIONS

The initial predictions were released by 8 on 9 January 1969 (68-008/3SC-5¢€).
Th¥%¢ predictions consistad of a set of isofiux contours cbtained from a series of Monte
Carlo (PHOTRAN) calculations. Plots of dux vs slant range st selected angles were
included in the document. The calculations were based on the Indigo representation of the
- = . e . . . [E Y “ E s ) s -‘ ’-A

¥
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. S
, Concurrent with these considerations the Cypress event was executed
(I: February 1569) and preliminary results were relessed. A meeting was held at Test
Command on 19 March 1969 to examine the impact of the Cypress resulis on Migute Steak
#nd to settle the question of whether or not to use helium.




A.3 FURTHER REFINEMENTS

Subsequent tn the distribution of the spectra and the flux map, additional informa-

Q) came available. This information is of twe forms: a change in the representation of
the observed spectrum in Cypress, ar: a change in the representation of the photoelectric
cross sections for lithium,
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A.3.2 Effect of Changes In Photoele~tric Cross Sections

We have not been able to obtain a critical evaluation of the new cross sections.
are many data from other sources which tend to split the differcnce between the old
and new McMasters' data. McMasasters is certain that the new data arc more reliable than
those published previously. Our arbitrary conclusion is that an average increage in scat-
tered fluence of 5 over that predicted previously can be expected.

A.4 SUMMARY

In the above paragraphs we have discussed many different effects and data repre-

secauons which can influence the predicted spectra and fluence levels for Miaute Steak.

In this summary a8 brief review of thcse eifects is presentcd and some quantitative esti -

mateg of the exnecied envi ent are given. In addition, the implications of other recent
R - : M aie briefly discussed.

*McMasters, W. H., et al., "Compilation of X-ray Cross Sections, " UCRL-50174,
January 1867.
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We have no valid basis for reducing this discouragingly large uncertainty in the predictions.
It is fairly clear that the desire w0 err in the direction of obtaining more fluence than pre-
dicted has been satisfied.

Please feel {ree to comment on the contents of this note cnd to ask for clarifica-
tion of any obscure points.

Sincerely vours,
/s/ Chuck
Charle R. Dismukes

CRD:njec
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Q The test was successful with most of the objectives being attained. The
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